A 37-year-old female presented with a rare spinal subependymoma manifesting as progressive weakness of her right lower extremity over an 8-month period. She had a 10-year history of back pain and urinary disturbance. Magnetic resonance imaging showed diffuse enlargement of the spinal cord from T-2 to T-7 on the T 1 -weighted images. The enlarged spinal cord was divided into two compartments by a vertical septum-like structure on the T 2 -weighted images. The tumor occupied the right half of the thoracic spinal cord, and was totally removed through a laminectomy from T-2 to T-7. The histological diagnosis of the resected specimen was subependymoma. Subependymomas are slow-growing tumors usually found in the ventricular system. Spinal subependymomas are difficult to distinguish from other intramedullary spinal tumors based on neuroradiological findings. Subependymomas are surgically curable tumors, so if the tumor is well demarcated and a subependymoma is indicated, an attempt should be made to totally remove the tumor.
Introduction
Subependymomas are rare tumors of uncertain origin, first recognized as a separate pathological entity in 1945, 22) and are usually found in the ventricular system as an incidental autopsy finding. 20, 22) Only 27 spinal subependymomas have been reported since 1954. [1] [2] [3] [4] [5] 8, 9, [11] [12] [13] [14] [16] [17] [18] [19] 21, 23) Here we describe a case of spinal subependymoma occupying the right half of the thoracic cord.
Case Report
A 37-year-old woman, with a 10-year history of back pain and urinary disturbance, and a 3-year history of numbness in the bilateral lower extremities, was admitted to our hospital in May 1999. The symptoms were initially episodic, lasting for several days, but gradually increased in frequency, severity, and duration. Her right lower extremity had also become weak over the 8-month preceding admission. There were no symptoms in her upper extremities.
Neurological examination revealed that right ankle dorsiflexion strength was 3/5. Superficial sensibility was impaired below the T-4 level but position and vibration senses were preserved. Tendon reflexes in the bilateral lower extremities were greatly increased with ankle clonus and Babinski reflex. Anal reflex was preserved. Radiography of the thoracic spine showed no abnormalities. Magnetic resonance (MR) imaging showed diffuse enlargement of the spinal cord from T-2 to T-7 on the T 1 -weighted images ( Fig. 1 upper left, lower left). The enlarged spinal cord was divided into two compartments by a vertical septum-like structure on the T 2 -weighted images ( Fig. 1 lower  right) . There was no enhancement of the lesion on the T 1 -weighted images with gadolinium ( Fig. 1  upper center) .
Laminectomy from T-2 to T-7 was performed. Opening of the tense dura mater revealed the enlarged spinal cord from T-2 to T-7. A midline myelotomy revealed an intramedullary tumor occupying the right half of the spinal cord. The tumor was solid, grayish, and well-demarcated, and was totally removed under the operating microscope (Fig. 2) .
Histological examination of the tumor revealed the typical appearance of a subependymoma ( . Nests of cells were separated by the relatively hypocellular and the more fibrillary areas. Nuclei were round to slightly oval and had little pleomorphism. Perivascular pseudorosettes or microcystic degeneration were not evident. The fibrillary matrix consisting of cell processes was immunopositive for glial fibrillary acidic protein (Fig. 3 right) . The MIB-1 staining index was below 1%.
Discussion
Spinal subependymomas, like intracranial subependymomas, have a distinct histological appearance characterized by clusters of nuclei distributed over a thick fibrillary background formed by cell processes, Intramedullary Subependymoma and occasionally contain microcysts. 20) The nuclei are round to slightly oval and resemble those of ependymal cells. There are occasional perivascular arrangements similar to ependymal pseudorosettes. Proliferation studies with mouse monoclonal antibody MIB-1 against the Ki-67 antigen that is associated with cell proliferation reconfirmed the slow growth potential of subependymomas. 11) In our case, perivascular pseudorosettes or microcystic degeneration were not evident, and the MIB-1 staining index was below 1%. The cellular origin of subependymomas has been a contentious subject since the recognition of the tumor in 1945. 22) The tumors were then thought to derive from the subependymal cell plate, also known as the residual periventricular matrix layer, because the histological appearance of the tumor resembled the normal histological appearance of this region. 22) A series of nine cases was reported in 1954 under the term``subependymal glomerate astrocytoma,'' and were supposed to originate from the subependymal astrocytes lining the walls of the ventricular system or the central canal of the spinal cord. 3) Electron microscopy of subependymomas found features of both ependymal and astrocytic cells, whereas tissue culture revealed two distinct cell lines, one resembling astrocytes and the other ependymal cells. Therefore, subependymomas are likely to be a variant of ependymomas and the astrocytic component represented reactive astrocytic cells. 7) Electron microscopy of four cases of fourth ventricular subependymomas found cells similar to the ependymal glial precursor cells seen in adult subependymal cell layers, 15) suggesting that subependymomas are a separate entity from ependymomas and astrocytomas, probably arising from ependymal glial cells in the subependymal cell layers. Tanycytes were first identified as cells in the subependymal zone of the elasmobranch, the processes of which spanned the brain from the pial to the ventricular surface. 10) The name tanycyte is derived from the Greek word tanyos meaning to stretch. These cells have subsequently been found in many other species including mammals. Tanycytes have the ultrastructural appearance of both astrocytes and ependymocytes, which is similar to the ultrastructural findings in subependymomas. Eleven spinal cord tumors have been described with the ap-
pearance of tanycytes. 6) Only 27 cases of spinal subependymomas have been reported since 1954 (Table 1) . [1] [2] [3] [4] [5] 8, 9, [11] [12] [13] [14] [16] [17] [18] [19] 21, 23) The age of the patients ranged from 6 to 73 years, with the tumor found predominantly in men. The majority of cases occurred within the cervical cord, and all were intramedullary tumors with the exception of three cases. Symptoms of subependymomas were present for a long time prior to diagnosis (mean duration 5 years), similar to spinal ependymomas. The preoperative clinical presentations did not vary from those of other intramedullary lesions, with a mixture of upper and lower motor neuron findings together with progressive sensory, urinary, and sexual dysfunction. The MR imaging findings of spinal subependymomas are also similar to those of other intramedullary tumors.
Intraoperatively, most cases of spinal subependymomas were well-demarcated and were totally or subtotally removed. However, the tumors were resected totally by two-staged operation in four cases, because the intraoperative pathological diagnoses had suggested astrocytoma. The location of subependymomas is eccentric within the spinal cord, compared with the central location of ependymomas, as in our case in which the tumor occupied the right half of the spinal cord. These findings may suggest that the cellular origin of subependymomas is different from that of ependymomas. Ependymomas are usually located centrally in the spinal cord, and arise from the ependymal cells of the central canal of the spinal cord, whereas subependymomas are located at eccentric or deviated portions of the spinal cord, and arise from the subependymal cell plate.
Postoperative irradiation was performed in three of the 27 reported cases, but not in our case, and there has been no clinical or radiological evidence of recurrence.
The preoperative diagnosis of spinal subependymomas is difficult to establish based on neuroradiological findings, but if intraoperative findings or intraoperative histology suggest that the tumor is a subependymoma, an attempt should be made to totally remove the tumor, because spinal subependymomas are surgically curable tumors. Postoperative irradiation is not required after total or subtotal tumor removal. Eccentric location of subependymomas within the spinal cord may suggest that the cellular origin is different from that of ependymomas.
